As the demand for bariatric surgery increases, it becomes increasingly important to define predictors of morbidity and mortality. We hypothesize that specific clinical variables predict postoperative morbidity after bariatric surgery.
Conclusions:
Increased age is a predictor of complications after bariatric surgery. Duodenal switch is also associated with a higher morbidity rate than gastric bypass. Surgeons should caution older patients (Ն60 years) of a higher risk of postoperative complications, and a higher risk associated with duodenal switch. Large multicenter studies will be necessary to accurately define other clinical predictors of morbidity and mortality after bariatric surgery.
Arch Surg. 2006; 141:262-268 O BESITY IS AN EPIDEMIC IN the United States; more than 20% of the population are obese and the prevalence of obesity is increasing. 1 In response to this growing health care crisis, the number of bariatric surgical procedures performed in the United States has increased markedly. Given the demand for bariatric surgery, along with increased public awareness of the morbidity and mortality associated with these procedures, it is important to identify patients at risk for complications after surgery. Patients who are obese represent challenging operative candidates; the presence of obesity-related comorbidities places them at higher risk for postoperative medical complications, including thromboembolic, pulmonary, and cardiac disease. Large intraabdominal fat stores make bariatric operations technically demanding and potentially increase the risk of technical complications, including anastomotic leak. Despite awareness of these risks, specific clinical predictors of morbidity and mortality after bariatric surgery remain elusive, with much conflicting data in the literature.
Many factors are considered in evaluating a prospective bariatric patient's perioperative risk. Specific clinical factors include age, body mass index (BMI), and the presence of severe cardiac, pulmonary, or hepatic disease. Comorbidities such as sleep apnea and hypertension have been identified as predictors of complications in some studies, 2, 3 but not others. 4 In addition, the choice of bariatric procedure may have an impact on perioperative risk; some investigators have attributed a higher perioperative morbidity and mortality to biliopancreatic diversion with duodenal switch (DS) compared with gastric bypass (GBP), 5 or long-limb GBP compared with standard GBP. 3 Differences in study size, study design, and patient populations among institutions may account for this conflicting literature.
We have prospectively entered patient clinical data into a computerized database since the inception of our bariatric program. We performed a retrospective review of all of our patients undergoing bariatric surgery, in an effort to identify predictors of morbidity and mortality, with the goal of defining clinical predictors that would allow risk stratification of candidates for bariatric surgery.
METHODS
Open bariatric surgery has been performed at Oregon Health & Science University, Portland, since April 2000. Laparoscopic bariatric surgery was begun in January 2003. Currently, 3 surgeons perform these operations (R.W.O., D.B.M., and C.W.D.). Operations performed include both laparoscopic and open GBP, biliopancreatic diversion with DS, and gastric band placement (LapBand; Inamed Inc, Santa Barbara, Calif ). Patients with a gastric band were excluded from analysis because our experience with this procedure is currently limited. Patients undergoing revisionary bariatric surgery were likewise excluded from analysis. Preoperative, perioperative, and short-term and long-term postoperative data were collected on all patients and entered into a computerized database.
Gastric bypass involves the creation of a gastric pouch 20 to 30 cm 3 , with a biliary limb of 70 cm and a Roux-en-Y limb of 100 cm. Duodenal switch was performed with a common channel of 100 cm and an alimentary limb of 250 cm, with a longitudinal lateral gastrectomy. Both operations were performed via either open or laparoscopic approaches. Reinforcement of staples lines, with devices such as fibrin glue or pericardial strips, was not used in any patients. The choice of operation and approach was based on patient and surgeon preference. Patients who required conversion from laparoscopic to open operation were analyzed using intent-to-treat analysis and categorized as patients undergoing laparoscopic surgery.
Postoperative care included prophylaxis for venous thromboembolism in all patients, including both low-molecularweight heparin and sequential compression devices during the hospital stay. Postoperative contrast studies were not obtained routinely, or in most patients. Leaks were diagnosed based on clinical signs and symptoms, including abdominal pain, tachycardia, and hypoxia. Contrast studies were obtained only in select patients for whom the diagnosis was equivocal. Our threshold for reexploration to diagnose leaks was low.
Patients were stratified into 4 BMI groups and 2 age groups (Ͻ60 years and Ն60 years). Distribution of patients among age groups and BMI categories is presented in Table 1 . Distribution of patients in BMI and age categories among surgical approach groups (open or laparoscopic) and operation type groups (GBP or DS) is presented in Table 2 and shown in Figure 1 and Figure 2 .
Clinical variables studied include (1) age, (2) BMI, (3) sex, (4) operation type (GBP or DS), (5) approach (open or laparoscopic), (6) surgeon experience, and (7) specific comorbidities. Surgeon experience was analyzed by categorizing each operation into a given surgeon's first 50 cases, second 50 cases, and 100th or greater cases for operation type and approach separately. (8) 10 (9) 4 (3) 1 (4) 20 (6) 11 (8) Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of the height in meters); DS, duodenal switch; GBP, gastric bypass. Excess weight loss at 1 year was calculated for all patient groups and operation types, as well as for patients with and without complications. Each patient's measured percentage of excess weight loss at various follow-up times was fit to a 2-parameter nonlinear curve (percentage of excess weight loss=A[1−exp(−t/b)]). The 2 parameters are projected asymptotic percentage excess weight loss (A) and a measure of how rapidly the weight was lost (b) over time (t). Each group's projected percentage of excess weight loss and time scale for weight loss was defined as the average of the respective individual parameters for the patients in that group.
The primary outcome of interest was major complications. Secondary outcomes were minor complications and length of stay. Complications (morbidity) were divided into major and minor categories. Major complications included the following: anastomotic leak, pulmonary embolus, internal or ventral hernia or bowel obstruction requiring reoperation, fascial dehiscence, hemorrhage requiring reoperation or more than 1 unit of transfusion, and other major complications including death due to fulminant Clostridium difficile colitis (n=1), myocardial infarction (n=3), and stroke (n=1). Additionally, anastomotic leak was studied as a separate outcome. Minor complications included wound infection, bleeding requiring 1 unit or less of transfusion, pneumonia, and central venous catheter infections.
Differences in the distribution of patients between BMI and age groups, operation type, and approach were analyzed by 2 tests. Univariate analysis of categorical variables (major complication, minor complication, and anastomotic leak) revealed counts and relative percentages and test significance with 2 tests or the Fisher exact test as appropriate based on the magnitude of the cell counts. Univariate analysis of continuous variables (length of stay) revealed median and interquartile range and test significance using MannWhitney U tests. A multivariate analysis of major complications was performed using logistic regression treating BMI and age as continuous variables. For all tests, a significance level of .05 was used to determine statistical significance. The mean and median BMI of all patients were 55 and 52, respectively. Of these patients, 372 (82%) were women, and 80 (18%) were men. The distribution of patients among age groups and BMI groups is presented in Table 1 .
The distribution of procedures and approach among BMI groups and age groups is presented in Table 2 . The distribution of all procedures among BMI groups is shown in Figure 1 . The distribution of open and laparoscopic approaches among BMI groups is shown in Figure 2 . Selection bias certainly exists with respect to selection of patients for operation and choice of a laparoscopic or open approach; specifically, fewer older patients were offered surgical therapy, and those who underwent surgery were more likely to have a lower BMI than younger patients (Pearson correlation coefficient = −0.12; P = .01). Also, fewer patients with higher BMI underwent laparoscopic operations, especially early in our laparoscopic experience (ratio of odds of open approach=1.089 [95% CI, 1.063-1.117] for each point of BMI; PϽ.001).
Median operating room times were 160 minutes, 195 minutes, 210 minutes, and 251 minutes for open GBP, open DS, laparoscopic GBP, and laparoscopic DS, respectively. Thirteen patients required conversion from laparoscopic to an open operation, 8 in the GBP group and 5 in the DS group. Four of these patients suffered a major complication, one of whom died as a result of a leak at the gastrojejunostomy after GBP. The remaining 3 patients who suffered a major complication underwent DS; the complications included a leak at the duodenoileostomy, a fascial dehiscence requiring reoperation, and a gastric outlet obstruction owing to a twisted gastric conduit requiring reoperation. Conversion did not independently predict morbidity in the logistic regression model, although the number of patients who underwent conversion was small and may have prevented detection of a difference in morbidity rates.
Excess weight loss was 54% at 1 year for all patients, and did not differ significantly among operation type (GBP or DS), approach (laparoscopic or open), or patient groups with and without complications. Length of hospital stay was analyzed between BMI groups, age groups, operation types, and approach ( Table 3) . Length of stay was longer in patients who had open surgery when compared with patients who had laparoscopic surgery and in patients who underwent DS compared with patients who underwent GBP, regardless of approach. Each laparoscopic category is significantly different from its corresponding open category (both GBP and DS). Open GBP is significantly different from open DS. No significant differences exist between laparoscopic GBP and laparoscopic DS. Patients who were considered heavy (BMI Ն50) had a longer length of stay than patients whose weight was considered light, regardless of approach or operation. Finally, older patients (Ն60 years old) had a longer length of stay, regardless of approach or operation, compared with younger patients (Table 3) . Overall follow-up times were 419 days (mean) and 356 days (median), with an interquartile range of 115 to 660 days. The overall rate of major and minor perioperative complications was 10% and 13%, respectively. The distributions of major and minor complications among BMI and age groups are presented in Table 4 . The distribution of major complications among all patients is shown in Figure 3 .
Logistic regression analysis identified age and the DS operation type as predictors of major postoperative morbidity. Duodenal switch was associated with a higher risk of major morbidity than GBP (odds ratio, 1.967, P=.05). Age also predicted postoperative morbidity, with an odds ratio of 1.056 for each additional year of age. Discriminant analysis was performed on 5-year age intervals in an attempt to identify a specific age associated with a dramatic increase in risk, but the number of patients in each subset was too small to identify a specific age cutoff associated with a statistically significant dramatic increase in risk. No other variables tested showed a statistically significant association with increased morbidity (Table 5) .
Mortality was 0.9% (n=4). There were too few deaths to allow for identification of predictors of mortality using a logistic regression model. Causes of death were myocardial infarction (n=1), fulminant C difficile colitis (n=1), and anastomotic leak (n=2).
The distribution of anastomotic leaks among age, BMI, and operation categories is presented in Table 6 . Leaks were analyzed separately as a categorical variable using the Fisher exact test. Duodenal switch was associated with a higher leak rate than GBP (P =.03) ( Table 6 ). Two of 9 leaks associated with DS occurred at the lateral gastrectomy staple line, 1 in a patient who underwent open DS, and 1 in a patient who underwent laparoscopic DS but required conversion to an open procedure. The remainder of leaks associated with DS occurred at the duodenoileostomy. All of the 7 leaks associated with GBP occurred at the gastrojejunostomy with the exception of 1 patient who underwent laparoscopic GBP who experienced a leak at the jejunojejunostomy. There was no statistically significant difference in leak rates between laparoscopic and open groups, or among BMI or age groups.
COMMENT
The growing demand for bariatric surgery warrants careful evaluation of outcomes. Bariatric procedures are tech- nically challenging operations applied to high-risk patients. Mortality rates for gastric bypass average 0.5% at high-volume centers, with overall complication rates ranging between 7% to 14%. [6] [7] [8] Low volume centers and inexperienced surgeons may have higher mortality and major complication rates. 9 Clinical variables such as BMI, age, sex, and comorbid conditions have been suggested as potential predictors of perioperative morbidity and mortality. However, data supporting the utility of such predictors in risk stratification are conflicting. The issues of surgeon experience and the application of laparoscopy to bariatric procedures further complicate such assessments. It is difficult to compare studies from different centers because others have shown that surgeons at academic centers operate on higher-risk patients than surgeons in private practice settings, and document higher complication rates associated with these higher-risk patients. 10 Analyses that control for such differences in patient populations will become increasingly important as data from both academic and private practice centers are compared. Identification of specific predictors of morbidity and mortality associated with bariatric surgery is critical as this field expands and public attention directed at surgical outcomes increases.
To contribute to the growing body of literature that attempts to define predictors of morbidity after bariatric surgery, we examined 452 patients who underwent open or laparoscopic GBP or DS over a 4-year period at a tertiary care academic referral center. We studied a panel of clinical variables using logistic regression analysis, including age, BMI, sex, operation, surgical approach, and medical comorbidities, and found that increased age and the DS operation type independently predicted complications after bariatric surgery.
This study found age to be a significant predictor of complications after bariatric surgery. Others have found age to predict mortality after gastric bypass. 4 While some investigators have suggested a specific age limit as an absolute contraindication to bariatric surgery, we do not employ such limits for our patients. We nevertheless approach older patients with caution, especially in light of recent data that suggest that the benefits of bariatric surgery with respect to longevity may wane in older patients 9 Our data suggest that older patients should be counseled regarding a higher morbidity rate, and careful scrutiny is warranted in patient selection with consideration and optimization of all medical comorbidities. Such patients should be offered bariatric surgery only after a program has accumulated significant experience in lower-risk patients.
In our study, we also demonstrate a higher major morbidity rate and anastomotic leak rate with DS compared with GBP. Others with considerable experience with DS have also reported high morbidity and mortality rates in noncomparative studies; a review of more than 700 patients who underwent open DS surgery over a 10-year period at the University of Southern California, Los Angeles, had a 1.9% mortality rate. 11 Kim et al 5 reported a series of patients who underwent laparoscopic and open DS with morbidity rates of 23% and 17% and mortality rates of 7.6% and 3.5%, respectively. Our data support the contention that DS is a technically challenging operation with a higher complication rate than GBP. The addition of a lateral gastrectomy to a duodenoileostomy and ileoileostomy may increase the risk of staple line leaks. Two of 9 leaks associated with DS in this series occurred at the lateral gastrectomy, which supports this contention. In addition, DS is often applied to a subset of patients with higher BMI. These factors may, in part, account for the higher morbidity associated with this operation. The potential benefits of DS, including the ability to eat larger meals and greater total weight loss, must be carefully balanced with the increased rate of morbidity and mortality associated with this surgery.
The failure of BMI to predict morbidity in this study is of interest. Patients who are heavy certainly present technical challenges, and many surgeons feel that high BMI defines a group of high-risk patients. However, data supporting this contention are sparse. Noncomparative studies have shown that bariatric surgery can be accomplished safely in patients with high BMI, with morbidity and mortality rates approaching those seen in patients who are not heavy. 12, 13 Others have shown that BMI is not an independent predictor of morbidity after bariatric surgery when controlling for other variables. 2, 4, 14 In our study, BMI did not predict major complications in the logistic regression model, although when analyzed using univariate analysis, there was a trend (PϽ.1) toward significance (P=.09, Kendall-Tau test). Despite the uncertainty surrounding BMI as an independent predictor of morbidity, BMI is an important consideration in patient selection. Patients with higher BMI present technical challenges, especially when approached laparoscopically. In fact, while Schwartz et al 14 found that BMI did not predict complications, BMI did correlate with longer operative times and higher conversion rates. In addition, while some studies show that high BMI does not independently predict morbidity, it is likely that such patients represent a carefully selected subgroup; surgeons most likely select patients with higher BMIs with more favorable body habitus (ie, gynecoid rather than android) and fewer comorbidities. Such selection bias is even more significant in laparoscopic series. Central obesity and android body habitus may therefore be a better predictor of risk than BMI; in support of this theory, at least 1 group has shown that male sex, typically associated with central android obesity, is an independent predictor of morbidity after bariatric surgery. 4 Although sex did not predict complications in our study, only 18% of our patients were male; studies of larger numbers of male patients might reveal an effect of sex on morbidity.
No specific medical comorbidities of obesity predicted complications in this study. Others have found specific obesity-related comorbidities that predict postoperative morbidity, including hypertension, sleep apnea, and others. 2, 3, 15 The literature is conflicting regarding the utility of such comorbidities in predicting morbidity. Controlling for the severity of different obesity-related comorbidities (such as number and dosages of antihypertensive medication and continuous positive airway pressure settings for sleep apnea) among patients and between studies is difficult, and variability in the severity of such comorbidities may, in part, account for the conflict in the literature regarding these variables as predictors of morbidity. Detailed analyses of specific comorbidities graded for severity may resolve this confusion, but no specific comorbidities have been shown to consistently and reliably predict postoperative morbidity among patients who have undergone bariatric surgery.
The application of laparoscopy to bariatric surgery warrants comment. Laparoscopic procedures are generally thought to be more technically challenging than open procedures, and the types and incidences of complications differ between laparoscopic and open GBP. 6 In addition, surgeon experience is an important variable that influences outcome, especially in laparoscopic series. 2, 16, 17 The laparoscopic component of our bariatric program is relatively young, more than 100 cases at the time this article was written. Numerous reports suggest that the learning curve for laparoscopic bariatric operations may consist of more than 150 cases. Despite this, our anastomotic leak rates for laparoscopic cases are similar to that associated with our open surgery cases, and similar to leak rates reported in other large series of laparoscopic bariatric surgeries. [6] [7] [8] In addition, surgeon experience did not predict morbidity in the logistic regression model, although this may be owing to the fact that the majority of laparoscopic cases in our series were in any given surgeon's first 100 cases. Even though surgeon experience was not a predictor of morbidity in this series, other published data 2, 16, 17 suggest that it is prudent to analyze a given surgeon's or center's early experience in bariatric surgery separately from later experience, especially when considering laparoscopic series. It is important to note that 4 of 13 patients who underwent conversion from a laparoscopic to open approach in our series suffered major complications. While there are too few patients in this category to draw conclusions of statistical significance, this is a higher morbidity rate than the entire patient population. In addition, 3 of 5 patients undergoing DS who required conversion suffered a major complication, which is testament to the technical challenges inherent in this operation.
The philosophy regarding the prevention and management of leaks is uniform among the surgeons participating in this study. There are few data supporting the use of fibrin glue or pericardial strips to reinforce staple lines to prevent leaks, and the surgeons participating in this study do not use such devices. We did not obtain routine postoperative contrast studies because we find that the results of such studies are often equivocal and concerned with false negatives. Leaks are diagnosed clinically and our threshold for reexploration, either laparoscopically or open, is low.
There are several limitations to this study. First, the retrospective nature of this study design limits the conclusions that can be drawn. Selection of operation type was not randomized and determined primarily by patient preference. Our group considers GBP the procedure of choice for most patients. In general, DS was applied preferentially to patients with higher BMI who specifically requested the procedure based on sparse data from others suggesting that very obese (BMI Ͼ50) patients may lose more weight with DS than with GBP. 18 The selection of DS in our practice is therefore primarily based on patient preference. Our willingness to apply DS to patients who are heavier is more apparent among open procedures. We were less likely early in our experience to apply laparoscopic DS to patients who were heavy, although a trend toward application of DS to patients with higher BMI is seen in the laparoscopic group as well (Table 2) . A randomized trial comparing GBP with DS would answer many questions regarding comparable efficacy with respect to weight loss and morbidity and mortality rates, but such a trial presents inherent problems in study design.
